a predominance of lymphocytes in CSF. [3] [4] [5] Routine analysis of pleocytosis and cellular composition of CSF is carried out with a phase-contrast microscope. The standard procedure requires counting nucleated cells using the Fuchs-Rosenthal chamber and performing the May-Grunwald-Giemsa stain to assess cell morphology. 6 The use of hematological analyzers seems to be an alternative to the manual method in the determination of CSF pleocytosis. The analyzers have a mode of operation specially adapted to determine the rate of CSF pleocytosis. 3, 7, 8 It seems that the automated methods may have some advantage over the microscopic analysis because of their higher precision, lower time consumption and effort, and 24-hour availability. This is very important especially in pediatric patients who need rapid diagnosis and treatment.
Therefore, the aim of the study was to assess the usefulness of the body fluid mode of the Sysmex XT-4000i hematology analyzer for counting and differentiating CSF cells in children. The novelty of the current study is the involvement of the pediatric population with a broad age group divided into three subgroups according to pleocytosis.
| MATERIAL S AND ME THODS

| Study group
The study group consisted of 59 children (28 girls and 31 boys) aged from 4 to 17 years (mean age: 7.8 ± 6.5) suffering from viral and bacterial meningitis who were diagnosed at Emergency Department of Children's Clinical Hospital in Bialystok. These patients had no history of cancer. Children were divided into three subgroups according to the CSF cell count. Detailed characteristics of patients are presented in Table 1 .
A reference group involved 32 children (17 girls and 15 boys)
aged from 2 to 18 years (mean age: 6.8 ± 7.3) with a normal range of 0-5 cells/µL. These children had no history of neurological disease or cancer.
The study was approved by the local research ethics committee for Medical University of Bialystok (R-I-002/106/2016). Written informed consent was obtained from parents or guardians after explanation of the nature of the study.
| CSF sampling
Cerebrospinal fluid specimens (2 mL) were taken via lumbar puncture and collected in the sterile tubes. Material that remained after routine analysis was used. Examination of CSF was performed immediately after sample collection, in parallel by two different method, manual and automated. In manual technique, the native cells (pleocytosis) were counted unstained using a Fuchs-Rosenthal counting chamber (gold standard technique), and CSF smears were prepared by May-Grunwald Giemsa stain method (for differentiating WBCs into mononuclear cells: MNC and polymorphonuclear cells: PMCs).
In automated procedure, the single platform Sysmex® XT-4000i
(Sysmex Corporation, Kobe, Japan) with body fluid mode was used for counting as well as differentiating white blood cells in CSF. 
TA B L E 1 Characteristics of the study group
Subgroup II (n = 14)
51-100
Meningitis:
Subgroup III (n = 20) >100 Meningitis: 
| Performance studies
The WBC within-run precision testing for the Sysmex XT-4000i
analyzer was performed on six CSF samples that were analyzed 10 consecutive times. 
| Statistical analysis
All analyses were conducted in Statistica 12 PL (StatSoft Polska, 
| RE SULTS
| Within-run precision
The results of within-run precision for pleocytosis, MN, and PMN counts are presented in Table 2 . The precision profile depends on the number of cells that are counted. The samples with low counts of pleocytosis (≤10 cells/µL) showed CVs higher than those given by the manufacturer for WBC-BF count from 15 to 30.
| Carryover
The results of carryover are shown in Table 3 . Carryover for pleocytosis, MN and PMN counts was 0.00% and did not exceed that specified by the manufacturer (WBC-BF up to 0.3% or 0.001 × 10 3 /µL).
| Linearity
Linearity is shown in Table 4 and Figure 1 . Pleocytosis, MN, and PMN counts showed high coefficients of determination (r 2 ), demonstrating that the linear model resulting from the dilutions used was statistically reliable. Linearity for all types of cells was very good, although it was better in higher concentration ranges as compared to lower ranges. The mean bias was −4.0% for pleocytosis, +0.5% for MN, and −1.8% for PMN. The results of bias were in the acceptable limits of the analyzer.
| Comparison between Sysmex XT-4000i and manual method
Statistical analysis showed that the median number of cells present in 1 μL of CSF determined by the manual method was statistically significantly lower in the whole study group in comparison with the median value obtained by the automated method (58 vs 63, P < 0.008; Table 5 ). By contrast, the number of MNC and PMNC determined by each method did not differ significantly in the patients (80 vs 76, P = 0.205 and 20 vs 23, P = 0.125; Table 5 ).
A statistically significant difference between the median pleocytosis determined by the traditional method and the median pleocytosis determined by the automated method, (P < 0.001) was observed in the control group. Table 5 ). However, no statistically significant differences were observed in subgroup III (177.5 vs 160, P = 0.751; Table 5 ).
The number of MNC and PMNC in subgroup I determined by both manual and automated methods was comparable (81 vs 81 at P = 0.407
and 19 vs 19 at P = 0.808; Table 5 ). Similarly, in subgroups II and III there were no statistically significant differences: for MN 85.5 vs 77, P = 0.080 and 71 vs 57.5, P = 0.240, and for PMN 14.5 vs 23, P = 0.081
and 29 vs 43, P = 0.279 (Table 5) . Analysis of the correlation between variations in the number of cells obtained by the manual and automated methods showed a significant positive correlation for each type of cells between the two methods, both in the whole study group and in subgroups ( Table 5 ). The correlation between manual and automated methods was generally very strong or strong; however, wide dispersion of some results around the regression line was seen.
| Accuracy
Agreement between the methods was determined using PassingBablok regression analysis and Bland-Altman bias plots. The manual method was considered the reference procedure.
The Passing-Bablok regression analysis for the pleocytosis and the number of MN and PMN cells obtained by the two methods in the whole study group and subgroups are shown in Table 6 and Figure 2 . In general, a CUSUM test for linearity showed no significant deviation from linearity (Table 6 ). There was a good agreement between manual pleocytosis and pleocytosis performed using Sysmex XT-4000i in the whole study group (y = 3.58 + 1.03x;
CI slope: 0.96-1.12; CI intercept: −0.02 to 5.79; mean bias: Table 6 , Figure 2 , Figure 3 ). The Spearman's correlation between these methods was very strong, although the Wilcoxon signed-rank test showed a significant difference between the number of cells (Table 5 ). Further analysis using the Bland-Altman plots revealed that the mean bias ranged from −8.0 to −10.2 × 10 6 /L in subgroups I and II, which means that at low and medium pleocytosis, the results obtained by the automated method could be overestimated (Figure 2, Figure 3 ). In addition, the distribution of results showed that they were within 95% limits of the agreement range, but most of them were situated above the average difference line (Figure 3 ). At higher pleocytosis (subgroup III), the mean bias was lower than that at low and medium and the results obtained by the two methods were more comparable; however, the Spearman's correlation was only moderate.
Good agreement between the manual and automated methods was also observed for the number of MN cells in the whole study group TA In these ranges, some of the PMN results obtained by the automated method will be overstated. The agreement between the two methods in all subgroups was also good (Tables 5 and 6 , Figure 2 ). The Bland- Figure 3 showed that the negative mean bias was the lowest in subgroup I and the highest in subgroup II. 
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| D ISCUSS I ON
Cerebrospinal fluid is one of the biological materials routinely used in laboratory diagnostics. Analysis of CSF cell composition enables recognition of many diseases of the CNS. 4,5,9-11 Current methods of CSF cytodiagnostics are based mainly on microscopic analysis. Pleocytosis is determined using the Fuchs-Rosenthal chamber, whereas cell differentiation requires stained preparations.
3,7,12
A promising alternative to manual tests may be the use of hematological analyzers. These devices must meet certain requirements, including the detection limit of <6 cells/μL and the ability to 
